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Abstract. In this paper we describe the aims and requirements of a project de-
voted to designing and developing Open Source didactic Software (SW) for 
children in the autism disorder spectrum, conforming to the Applied Behaviour 
Analysis (ABA) learning technique. In this context, participatory design with 
therapists and child’s parents is necessary to ensure a usable product that re-
sponds to these children’s special needs and respects education principles and 
constraints of the ABA methodology. 
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1   Introduction 
The term Autism Spectrum Disorder (ASD) refers to a pervasive development distur-
bance characterized by impaired social integration and ability to communicate. The 
degree of autism and its symptoms vary significantly from child to child regarding 
language presence/absence, additional cognitive or perception (typically hearing loss) 
deficits, stereotypical behaviors (such as rocking, head rotations or flapping hands), 
avoidance of eye contact, etc.  
This wide variety of problems and needs requires a different and personalized edu-
cational approach that can best exploit the child’s abilities. Conventional educational 
techniques are ineffective in autistic children for several reasons, including their dif-
ferent sensorial perception (for instance, difficulty remaining in a noisy environment 
such as a classroom), difficulty concentrating, inability to communicate needs or to 
accomplish tasks (provoking frustration and “problem” behavior), etc.  
Since 1970s specific educational methods have been proposed for delivering effec-
tive learning to autistic children, such as Applied Behavioral Analysis (ABA). ABA 
therapy requires caregivers to implement precise educational protocols (error-less, re-
inforcement, etc.) and rigorous verification of the child’s learning progress (by filling 
out structured forms), proved to be particularly effective [14], [15], [17]. In short, by 
conducting a series of sequential trials of increasing-difficulty, the child, initially 
driven by the therapist’s prompts (to avoid errors), will gradually be able to operate 
independently and assimilate a concept.  
74 S. Artoni et al. 
The success of the child’s therapy depends on the full coherence of the program, 
which should be respected not only at school and during the therapy sessions, but also 
at home with parents and relatives. An intensive and coherent ABA program schedule 
(at least 8 hours/day) facilitates the child’s acquisition of knowledge.  
The main goal of our project is to answer this question: “Can a computer SW  
program, i.e. didactic modules designed for autistic children, promote learning?”  
Potential advantages of using technology to support the learning process in autistic 
children are:  
• Computers can provide multimedia content. Delivering content by auditory and 
visual formats allows better exploitation of the child’s abilities. For instance, in 
addition to audio, the name of the object may be shown on the screen as a string 
to facilitate reading (in programs such as sequences, alphabet, etc). 
• Efficiency: the program can be set up immediately, reducing delays between ex-
ercises. 
• Facilitation of building an abstraction process (photo, drawing, outline, sketch) 
• Autistic children are usually very attracted by technology and interaction with 
electronic devices, such as computers, cell phones, mp3 readers, TV. 
1. However computer-based ABA therapy cannot replace classic face-to-face ABA 
therapy for several reasons: 
• The computer, being an object, does not directly promote social inclusion 
• In order to avoid errors, a therapist or a relative must assist the child during the 
SW sessions 
• The generalization to the real world might be a concern 
• Spending several hours a day in front of a screen is not recommended.  
In this paper we describe the participatory design (also involving therapists and chil-
dren’s parents) of a didactic SW program for children in the autism disorder spec-
trum, in conformance to Applied Behavior Analysis (ABA).  
2   Related Works 
Putnam and Chong investigate the real use at home of SW specifically designed for 
autism. Results of an on-line survey (spread out throughout associations) filled out by 
114 responders shed light on the limited diffusion of specific SW (only 8%) while 
SW for cognitive disability was used by 25% [13]. This result indicates the need to 
move from research prototypes to engineered SW specifically designed for autistic 
children, possibly according to their preferences.  
Augmentative and Alternative Communication (AAC) is a technique that by in-
creasing the user’s perceptions provides an alternative method for communicating, 
and thus is used in learning disabilities and neurological pathologies. Recent studies 
have confirmed the efficacy of electronic therapy based on AAC. Hirano et al. [7] de-
signed and implemented a visual scheduling system (vSked) for planning and organiz-
ing children’s activities in the classroom, and observed not only increased efficiency 
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for caregivers but also benefits and improvements in student-student and student-
teacher communication.  
Recently, Pino and Kouroupetroglou have made available ITHACA, an Open 
Source framework for building adaptable, modular, multilingual, cheap and sustain-
able component-based AAC products [12]. However at the moment the framework is 
not downloadable on-line but distributed only by the authors.  
Participatory design actively involves all stakeholders in the design process to help 
ensure that a created product meets their needs and that results are very usable [18]. 
Participatory design is essential in designing for autistic persons. Hirano et al. suc-
cessful applied participatory design in developing the vSked system [7]. De Leo and 
Leroy involved special education teachers in designing SW for facilitating communi-
cation with children with severe autism via smart phones [4].  
A large branch of research is devoted to providing usable tools to assist therapists 
of children with autism. Kientz, Monibi and Hayes based their studies and their SW 
development on participatory design [6], [10], [9]. Kientz et al. [9] designed and  
developed two systems for facilitating efficient child monitoring (both progress and 
behavior): 1) Abaris, the supporting team executing Discrete Trial Training therapy, 
building indices into videos of therapy sessions and allowing easy seeking into the 
data; 2) CareLog, for collecting and analyzing behavioral data (unplanned incident 
also called “problem behaviors”). Furthermore sensors were used to monitor stim-
ming behaviors (self-stimulatory movements) in order to understand the cause of an 
uncomfortable situation.  
Hailpern et al. [5] investigated the use of computers for assessing the behavior of 
nonverbal children. Defining a set of dependent variables for use in video annotation, 
called A3, it is possible to systematically analyze the interactions of nonverbal  
children, with the computer capturing feedback related to attention, engagement and 
vocal behavior. Although many digital products are available for augmentative com-
munication (e.g., GoTalk, Tango, Dynavox, Activity Pad), teachers and therapists 
have experienced low usability and flexibility; training is required for set-up and cus-
tomization, making it difficult for parents to use it at home. Furthermore, they are  
expensive [6].  
Mobile communication tools are a promising field in AAC research. Moving AAC 
from specialized devices to a standard mobile platform offers many advantages: first 
of all drastic cost reduction, greater flexibility, simpler and faster customization, small 
size and ubiquity, and familiar environment (cell phone) for the children. Monibi and 
Hayes implemented a library of virtual cards for autistic children activities on a Nokia 
N800 (Mocoto prototype). The preinstalled card library may be easily extended with 
pictures or other digital images. A desktop software allows setup and customization of 
activities (e.g. size and number of cards, audio cues, etc.) [10]. 
Sampath et al. propose a system for autism using AAC that allows bidirectional 
communication between child and caregivers. Specifically, a gateway on a handheld 
device was built, allowing conversion between pictures and spoken language,  
enabling the completion of the communication loop (receptive and expressive) [16].  
Furthermore, pervasive technologies are investigated for monitoring user behavior. 
To enhance social skills and abilities of persons with ASD, Kaliouby and Goodwin 
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built a suite of wearable technologies (cameras, microphones, sensors) for capturing, 
analyzing, and sharing (via wireless network) their social-emotional interactions, in a 
fun and engaging way [8]. 
3   The Project 
We believe that technology can furthermore enhance the lives of children with autism, 
for instance by creating more sophisticated eLearning tools. Research focusing on 
electronic educational programs will complete the pedagogical framework. Despite 
the considerable amount of research on SW to enhance children’s learning and sup-
port caregivers, to our knowledge the few open source free SW for teaching ABA are 
limited in functions or do not work well, while the most of stable products are com-
mercial. Considering the high incidence of autism ([1], [11]) this is a very important.  
The project mainly aims to define an educational ad hoc methodology for DSA 
children and create didactic computer-based courses in order to render therapy more 
effective and efficient. The idea is to map ABA principles in the creation of a specific 
SW suitable for therapists and children, with modules designed to enhance children’s 
cognitive processes, language development, and the recognizing emotions.  
According to recent studies ([2], [3]), early intervention in children affected by au-
tism disorder is more effective for learning and developing social abilities, so this  
project focuses primarily on teaching young children (2-6 years old). To simplify 
child-computer interaction and allow a modality “similar” to the physical ABA ther-
apy, we chose to use touch-screen devices and vocal synthesis to announce the com-
mands of the learning modules (exercises). The language required is simple and 
minimal (short sentences without articles, e.g. touch apple, match yellow). However 
caregivers may also speak in order to integrate commands in the best way to stimulate 
the child.  
The ABA therapy is based on AAC and Discrete Trial Teaching (DTT). DTT con-
sists of a sequence of trials repeated several times, depending on child needs:  
1) Mass Trial: basic trials ensuring children success (at first there is a prompt progres-
sively eliminated). 
2) Distracter phase: first a neutral distracter is added, and next a non-neutral one. 
Then two neutral distracters are added, and next, two non-neutral ones. At first 
there is a prompt progressively eliminated.  
3) Extended Trials (choice between 3 items) executed by 2 different therapists.  
4) Random Rotations of learned items.  
We have defined categories of items to be learnt (forms, colors, genre, food, numbers, 
etc.). For each item of each category the trial sequences are repeated in this sequence: 
matching (i.e. image/image, image/word, word/image, word/word), receptive (e.g. 
“touch apple”) and expressive (e.g.“what is this?”).  
The generalization is carried out changing the Discriminative Stimulus (i.e. the 
therapist command), the position of the items in the screen, and the visual features of 
the element (photo, drawing, outline, sketch). 
The design phase has involved face-to-face meetings with therapists, caregivers 
and parents, observation of ABA therapies, discussions via mailing list, video and  
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audio conferences. Figure 1 shows a logical scheme of the SW architecture. The three 
main SW components are: 
• Didactic SW, i.e. modules for learning categories of articles on which operations 
(match, touch, order, etc.) are executed with increasing degrees of difficulty. A 
concept of sessions with data on exercises and progress of each child must be cre-
ated to allow a coherent therapy in class and at home, with everyone involved in 
the learning process: teacher, therapist and parents. 
• Monitoring SW to control the child’s progress is a key component of the meth-
odology. By merging two data sources: 1) computer-recorded data (events made 
by children, such as pointing, drag-and-drop, touch zone, elapsed time for ac-
complishing the task, etc.) and 2) data annotation of therapists/caregivers, neces-
sary for specifying whether a prompt is given (type, %) and to register additional 
notes. Additionally, the presence of changes in programs (e.g. to move to a pre-
vious difficulty level) may highlight the child’s weaknesses.  
• Data analysis SW allows conversion of raw data in easy-to-use graphics and ta-
bles, showing the child’s learning progress. Graphics regarding a child’s progress 
should be available via Web interface to therapists and parents to allow decisions 
on how to best direct the educational program and make the learning process 
more effective.  
Our project covers all these aspects as a whole and not as separate components. A pi-
lot test with several autistic children (both low- and high-functioning) would allow us 
to perform SW tuning and customization. Thus during the whole project, data analysis 
will also drive both 1) SW updates and 2) refinements of the educational methodology 
that implements ABA principles on electronic devices. 
 
Fig. 1. scheme of the ABA eLearning Environment for child with autism 
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Obviously, computer-based therapy is only one medium for promoting learning but 
classic face-to-face one-to-one ABA therapy should be alternated for two reasons:  
• The computer does not involve the child’s physical social interaction, thus an ac-
curate benefit-cost analysis should be performed individually for each child (al-
though “emotion recognition” may be one educational module). 
• ABA requires a long period of daily therapy, at least 8 hours per day. This is a 
long time to be facing a screen and is potentially damaging to the child’s eye-
sight. 
It is very important to design the UI avoiding any possible visual auto-stimulation for 
the child; for instance an interface with all icons in view might be preferable to carou-
sel solutions, activated via mouse or touch.  
One interesting option is to customize the UI according to a child’s abilities (low-, 
medium- and high-functioning children) and, if possible, their preferences. As previ-
ously mentioned, each child has personal abilities that vary over a wide range, so the 
SW must be easily configured to meet both specific (receptive communication,  
expressive communication, etc.) and temporary needs (the child fails an exercise on 
an acquired article, so the therapist would immediately jump to a lower level to reiter-
ate and consolidate the confusing concept).  
According to the ISO usability definition, didactic software should guarantee effi-
cacy, efficiency, and user satisfaction. Other fundamental design criteria required of 
the SW: Modular and scalable, allowing easy addition of new modules, items (to ac-
quire) and programs; Customizable, to better adapt to each child’s needs and abilities; 
Multilingual, to make the SW easily exported to the Internet Community as a benefit 
for the whole network; Open: to guarantee interoperability; Robust, for a solid error 
handling.  
Last, privacy and security are an important concern: all data must be kept anony-
mous (access via nickname) and secured with the appropriate technologies (login, cer-
tificates, etc.), and specific views only on the proper child data would be created. 
4   Conclusion 
In this paper we describe a start-up project aimed at designing and developing a di-
dactic SW module and monitoring SW for teaching children in the DSA spectrum ef-
ficiently and effectively. In this context, participatory design is essential in order to 
ensure adherence between how therapists, parents and caregivers imagine the SW 
(functions, UIs, reports, etc.) and the final product that should fullfil children’s needs. 
One of the main challenges addressed by the project is the design phase of the user 
interface. ABA therapy follows a complex sequence of structured steps, and therapists 
need flexibility to adapt the therapy to children's responses. Furthermore, didactic SW 
modules require customization (i.e. setting of preferences) to meet children's specific 
needs exploit their abilities. The mapping of all this complexity in a simple user inter-
face is a critical point. To effectively manage this task, the project will rapidly deploy 
prototypes to conduct a pilot test with a few autistic children, which is crucial for 
gathering therapist feedback and improving the SW's usability.  
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Involvement with therapists is for all aspects of the project and not limited to the 
UI design. Didactic modules will be published on-line with a GNU license and of-
fered free for all: teachers, parents, therapists, and educators. There is an urgent and 
extreme need to focus different efforts in the same direction, to create efficient and 
satisfactory educational tools for autistic children.  
Distributed Participatory Design (DPD) or Participatory Design @large, i.e. the 
possibility of benefiting from social contributions by researchers, therapists, parents 
and caregivers in general, to collaboratively improve the SW, is a key feature of open 
source SW. Different experiences (social, cultural, educative), suggestions, ways of 
seeing things, ideas, can significantly contribute to a better SW design. 
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